Evidence for Pseudo‐Jahn—Teller Effect in XeF6 by Bartell, Lawrence S.
TflE JOURNAL OF CHEMicAL 1>I1YSICs 
Letters to the Editor 
T HE Letters to the Editor section is subdivided into four cate-
gories entitled Communications, Notes, Comments, and Errata. 
The textual material of each Letter is limited to 950 words minus 
the following: (a) 200 words for each average-sized figure; (b) 50 
words for each displayed equation; (c) 7 words for each line of table 
including headings and horizontal rulings. Proof will be sent to 
authors. The publication charge for Communications, Notes, and 
Comments is $60 per page with a minimum of $60 per Letter. The 
publication charge, if honored by the author's institution, entitles the 
author to 1()() reprints without covers at no extra charge. The pub-
lication charge for Errata is at the $60-per-page rate with a minimum 
of $10, and no free reprints are provided. On aU Letters a charge 
of $10 per Letter is made toward the support of abstracting and in-
dexing in Physics Abstracts. See the issue of 1 January 1967 for a 
fuller description of Letters to the Editor. 
Communications 
Evidence for Pseudo-Jahn-Teller 
Effect in XeF6* 
L. S. BARTELL 
Department of Chemistry, University of Michigan, 
Ann Arbor, Michigan 
(Received 17 February 1967) 
VOtUME 46, NUMBER 11 1 lUXE 1961 
Interpreting the electron-diffraction data in this light, 
we may draw several important inferences: (1) The 
deformation coordinates associated with the negative 
quadratic force constantll are the t1,. bending co-
ordinates (which, for sake of brevity here, we identify 
with the pure bending symmetry coordinates S4a, S4b, 
and S4<) .12 (2) The minimum in the potential-energy 
function V4(R) is at Re~l A,IS where R is a vector 
pointing along the lone-pair axis with components S4a, 
S4b, and S4<. (3) XeFs can invert from one stable con-
figuration to another with an oppositely directed R 
vector without the necessity of surmounting or tunnel-
ing through the potential maximum at R=O, owing to 
the triply degenerate character of the lr .. inversion mode. 
(4) The longer Xe-F bonds tend to be those which are 
adjacent to the xenon lone pair. (5) The t2g mode is 
strongly coupled to the t1,. bending mode by virtue of 
the large bending amplitudes.14 (6) Certain lines of 
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FIG. 1. Schematic correlation diagram for t,u bending vibrationa 
levels of a distorted XY6 molecule. On the left are levels for the 
"free-rotator" pseudo-Jahn-Teller model. Many quite closely 
spaced levels with n>O will exist near this limit irrespective of 
the depth or shallowness of V4(R,) with respect to V4(O). The 
progressive splitting of the levels by an increasing octahedral 
"crystal field" favoring a Ca. structure is shown to the limit of a 
static distortion. The C&o levels are related to those for a norma 
Oh structure. 
evidence suggest that V4(R) has extrema at C4v and 
Csv such that a C3• structure is favored. 
Conclusions (1) and (4) are also natural con-
sequences of the MO modep,7 and consistent with the 
spirit of Gillespie's mode1.3 Inference (6) implies that 
XeF6 levels fall into groups of inversion octets. Deduc-
tions (2) and (3) give us a means of estimating the 
magnitude of the splitting between the inversion mul-
tiplets, as follows. 
The proposed t1u inversion potential function V4(R)' 
exactly parallels that of a rotating diatomic molecule 
in an octahedral field. If the octahedral field and the 
ENOUGH clues about the unusual molecule XeFs have accumulated to warrant a preliminary inter-
pretation of its structure. l According to the valence-
shell electron-pair repulsion model of Gillespie el al./'s 
the molecule should be distorted from 0" symmetry. 
Despite widespread conjecture to the contrary, the 
simple HUckel MO model leads quite naturally to 
similar conclusions.4- 1 The most direct experimental 
evidence obtained so far, perhaps, has been provided 
by gas-phase electron-diffraction studies. Intensities of 
scattered electrons show conclusively that XeFs mole-
cules are not simple, regular octahedra.7- 1o The inten-
sities can be accounted for reasonably well in terms of 
a statically deformed structure. Weighting against this 
interpretation is the fact that the deformation is 
curiously small-much smaller than expected from 
Gillespie's rules8-and of the order of magnitude of the 
vibrational amplitudes required to fit the intensity 
data.7,lo Since an even better fit can be obtained with 
a model of dynamic distortion symptomatic of a pseudo-
Jahn-Teller interaction,ll such a model appears to give 
the simplest and most plausible basis for understanding 
the structure. not insignificant coupling with t1u stretch coordinates are' 
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neglected, the lowest energy levels should be given ap-
proximately by the diatomic formula ](J+1)fN2Iinv, 
where] is an inversion quantum number. The "effec-
tive moment of inertia," Iinv~(G-I)~e2, is roughly 
50-fold smaller than the actual moment of inertia 
of XeF6, according to the diffraction values for Re 
and rXeF, implying a frequency of roughly 6 cm-I for 
the] =0 to ] = 1 transition. Therefore, the molecule 
should show a far-infrared inversion spectrum with 
rotational structure rather than a microwave spectrum 
with inversion splitting. The effect of the octahedral 
field on "free-rotator" levels is illustrated in the cor-
relation diagram of Fig. 1. This diagram suggests that 
below, say, 200 cm-I the spectrum will consist of many 
lines, the pattern of which should reveal the location 
of XeF6 in the diagram. Furthermore, Conclusion (5) 
above suggests that the to] = 2 lines should be strongly 
Raman active. In addition, combination bands in-
volving the closely spaced inversion levels should give 
rise to coincidences between the infrared and Raman 
spectra in the ordinary stretch and bend regions. I5 
The above conclusions seem in harmony with the 
thermodynamic data of Weinstock et al. I6 They also 
appear to be compatible with the recent molecular-beam 
study by Falconer et at.p which proved that the dipole 
moment of XeF6 is, at most, a few tenths of a debye. 
Molecular-orbital calculations indicate that the XeF 
bonds readjust polarity in tiu deformations so as to 
repress, in fair measure, the moment produced by 
displacements of the negative ligands.7 
A detailed description of experimental results and an 
extensive discussion of alternative structural models 
and spectroscopic implications will be forthcoming.7,IO 
Meanwhile, it is hoped that the present Communication 
will serve to stimulate the spectroscopic research so 
urgently needed to complete the picture. 
The author wishes to thank H. B. Thompson, R. M. 
Gavin, Jr., and B. J. Nicholson for helpful discussions. 
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I N the course of a molecular-beam, magnetic-resonance investigation of the products produced 
by a microwave discharge in O2, a strong resonance 
was observed in atomic oxygen with a g factor of 2. An 
examination of the energy levels of atomic oxygeni 
shows that there are only two metastable S states of 
atomic oxygen, the 2p4(1S) state that lies 4.2 eV above 
the ground state and the 2p33s(5S0) state that lies at 
9.1 eV. Since the IS state has a zero g factor, the 
observed resonance must be due to the 5 SO state. 
The apparatus used in this work was a conventional 
FIG, 1. Zeeman spectrum 
of atomic oxygen. The rf 
frequency is 16,800 MHz. 
